Fabrication of photoanode and DSSCs assembly
The homogeneous TiO 2 slurry was obtained by pot milling of 3.6 g TiO 2 powder (P 25, Degussa), 3.6 ml of polyethylene glycol (i.e. PEG 600) (Merck) together with ethanol for 30 days. The prepared TiO 2 slurry was coated over the as-deposited compact layer of TiO 2 /FTO substrate (5mmx5mm) by doctor blade technique. The films were dried at 125-130 o C for 1 h and then sintered at 500 o C for 30 min. This coating process was repeated multiple times to obtain the desired thickness (16μm). The sintered TiO 2 films were immersed in 0.3mM N719 dye (Dyesol) in ethanol for 24 h at room temperature for sufficient dye adsorption. The films were then rinsed with ethanol to remove the excess dye adsorbed. The films were then rinsed with ethanol to remove the excess dye adsorbed. DSSCs were assembled using the dye loaded TiO 2 film as photoanode and CCdTS /CFTS film based CE respectively. A spacing of approximately 60 µm was maintained between the electrodes using a Surlyn spacer, sandwiched between the electrodes. This gap between the electrodes was finally filled with the electrolyte. 
Mechanical stability of CEs
Lifetime of DSSCs depends on adhesion between CE/FTO interface. The adhesion test was performed by using ultrasonicator. The S-CCdTS-CE and S-CFTS-CE were immersed in ethanol and subjected to ultrasonication for 1 h. These CEs are periodically observed after 15 min. As observed from S-CFTS CEs and S-CCdTS-CEs were immersed in iodine base electrolyte for 14 days to study the dissolution of prepared CEs (Fig. S3 ). These CEs are periodically observed after 7 days. These CEs does not dissolve in electrolyte even after 14 days which indicates that these CEs are stable (inert) in iodine-based electrolyte ( Fig. S4 and Fig. S5 ). and the equivalent circuit (inset Fig. S6 ) is fitted with the help of zsimp software.
Electrochemical parameters such as series resistance (R s ), charge-transfer resistance (R ct ) and the corresponding constant phase angle (CPE) at electrolyte/ CEs interface estimated from the EIS spectra are given in Table S6 . The high-frequency intercept on the real axis represents the ohmic series resistance (R s ) of CEs. The radius of semicircle in the high-frequency region corresponds to the charge transfer resistance (R ct ) and the corresponding constant phase angle (CPE) at electrolyte/ CEs interface for I 3 -to I -reaction. The semicircle at low-frequency range attributes to Warburg diffusion impedance (W) of the triiodide/iodide couple in the electrolyte. R ct value of S S-CFTS CEs (2.9 Ωcm 2 ) and S-CCdTS-CEs (3.8 Ωcm 2 ) are found to be smaller than that N-CFTS CEs (5.0 Ωcm 2 ), and N-CCdTS-CEs (6.9 Ωcm 2 ) respectively. These results indicate that S-CFTS and S-CCdTS have the capability for faster electrocatalytic reduction of I 3 -to I -ions in an electrolyte as compared to that N-CFTS CEs and N-CCdTS-CEs. However, it is less effective than Pt CE. The slightly higher R s values of the CCTS and CFTS might be due to poor adhesion of the films to the FTO substrate. The results obtained from the EIS and CV analysis are in good agreement with the device performance. In the Tafel zone, J 0 can be obtained from the intersection of the cathodic branch and the equilibrium potential line. The R ct value of different CEs is calculated by using Eq. 1 [7] .
J o = RT/nFR ct 2
Where F is Faraday constant, T is temperature, n is the number of electrons exchanged in the reaction at the electrolyte-CE interface and R is gas constant.
The estimated J o and R ct values for different CEs from the Tafel polarization are summarized in Table S6 . The R ct value of different CEs calculated from EIS spectra and Tafel polarization curves are in good agreement (Table S6) 
Photovoltaic parameters
Average (five cells) photovoltaic parameters of DSSCs with different counter electrodes 
